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INTRODUCTION 
 
To establish the origin and scope of my research it is necessary to recall that nuclear power 
management as a United States’ foreign policy began once World War II was partially over 
(Hewlett and Holl, 1989). However, since Colombia does not have nuclear power plants as 
a source of energy, it is necessary to do an exploratory study to disclose what is behind the 
nuclear energy debate in Colombia between those who are against its use and those in favor 
of it considering the negative impact caused by the nuclear accident in Fukushima (2011). 
 Thus, there will be a brief explanation indicating the purposes of the United States’ program 
“Atoms for peace1” implemented in some developing countries. Among those Colombia. 
Then, the reason why the United States promoted its nuclear management foreign policy to 
counterbalance any sort of nuclear proliferation by promoting peaceful applications instead 
will be given. (Hewlett and Holl, 1989). 
By the time General Rojas Pinilla was president, he perceived how the program created by 
the United States could contribute to industrialize the country. As a result, he got interested 
about its peaceful applications. Thus, president Dwight D. Eisenhower ended up donating 
the nuclear reactor IAN-R12 to Colombian government. 
To clarify the acquisition of the only research nuclear reactor that Colombia has, it is essential 
to explore its characteristics and why exactly it was acquired by General Rojas Pinilla during 
                                                             
1 Atoms for peace was the title of a speech delivered by U.S. President Dwight D. Eisenhower to the UN 
General Assembly in New York City on December 8, 1953.It was a program that supplied equipment and 
information regarding nuclear power (IAEA,1953). 
 
2 Nuclear reactor provided by the program “Atoms for peace”. It is a reactor used for research (Sandoval, 2014). 
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his government. The IAN-R1 nuclear reactor is a small reactor which is nowadays used for 
research.  Different to large power production reactors it operates with a small quantify of 
uranium which makes it secure for people who operate it. In addition, it is necessary to note 
that the uranium used is low enriched, making it very safe because it is not usable for building 
nuclear bombs. Therefore, it does not pose any kind of risk to humans.   Accordingly, I 
consider the following Problem formulation Taking into account the interests that General 
Rojas Pinilla had during his administration between 1953-1957 to acquire the IAN-R1 
nuclear research reactor to support peaceful beneficial applications of nuclear technology in 
health, industry and agriculture, as well as the recent impact Caused by the Fukushima 
nuclear power generation plant accident (2011), we want to know the current position of our 
government as well as the perspective of the Colombian citizens with respect to nuclear 
energy as a possible future source of electricity? Thus, I elaborated the following 
Hypotheses: At the end of World War II the program “Atoms for peace” was established by 
president Dwight D. Eisenhower in 1953. Through this program it was expected to counter 
nuclear arsenals proliferation and promote nuclear energy peaceful usage around the world. 
As part of this program, during General Rojas Pinilla administration the nuclear 
research reactor IAN-R1 was donated to Colombia by the United States, as a main instrument 
to support peaceful nuclear technology uses. Nowadays, most developed countries around 
the world have built nuclear power plants to produce electricity that differ from other power 
plants to generate electricity which use oil, natural gas or coal, in the fact that nuclear 
plants do not emit greenhouse gases responsible for climate change. Unfortunately, nuclear 
power plants have suffered accidents; this was the case of Fukushima. As a result, world 
population ended up distrusting nuclear energy as an alternative source of electricity due to 
the risks it poses. Bearing this in mind, as well as other factors such as the availability of 
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abundant renewable energy resources such as hydro and non-renewable sources of energy, 
in the form of fossil fuels like oil, natural gas and coal, our government´s current 
energy agenda and Colombian citizens perspective, at least from those who understand what 
nuclear energy is, is that electricity obtained from nuclear energy should not be considered. 
Regarding this, I posed as Main Objective, Identify both Colombian government’s current 
position and citizen´s perspective about the use of nuclear energy as a source of electricity, 
keeping in mind the nuclear accident that occurred in Fukushima (2011) and as Secondary 
Objectives, Demonstrate the interests Colombian government had once it acquired the 
nuclear reactor IAN-RI at the end of World War II with General Rojas Pinilla throughout the 
program “Atoms for peace”, demonstrate how nuclear energy contributes to sustainable 
development, Identify the lessons learned by Japanese government right after Fukushima´s 
nuclear disaster in 2011 in terms of nuclear energy as a source of electricity, The 
Methodological Design of this paper it is a quantitative and qualitative research. In effect, 
thanks to literature review and with the purpose of stablishing a scope an analytic method 
was used allowing me to stablish the beginning of this research with program “Atoms for 
peace” promoted by The United States at the end of World War II. Later, with the aim of 
understanding the interests of Colombian government of acquiring the nuclear reactor (IAN-
RI) donated by The United States, a historic method research finding both primary and 
secondary sources of information was used. Moreover, with the purpose of identifying 
Colombian government’s current position regarding nuclear energy as a source of energy 
along with the result obtained in the survey (250) from people whose knowledge about 
nuclear energy was considerable, a qualitative approach was used allowing me to gather 
details in documents, essays and reports. Finally, regarding statistics, graphics, diagrams and 
some numerical reports, a quantitative approach was the most appropriate to use. On the other 
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hand, in order to clarify some concepts and orientate the reader a framework is elaborated 
and to better organize the present writing, each objective will be a chapter. Generally 
speaking, I will use some theses written by different students at different Universities 
(Catholic University of Leuven, Australian National University, University College London, 
University of Iceland, Ohio State University, Bilkent University), some reports and books 
from international organizations (International Atomic Energy Agency, United Nations 
Organization) and some articles available at data bases from Universidad Militar Nueva 
Granada (Jtor, Proquest). On the other hand, to interpret and clarify citizen´s acceptance of 
nuclear energy as an alternative source of energy, a multiple choice and open question survey 
was considered appropriate. My survey will be mainly aimed to 250 professionals in different 
technical areas like, environmental engineering, electrical engineering, forest engineering 
and some professionals from institutions like “Servicio Geológico Colombiano”, “Unidad 
de Planeación Minero Energética”, “Asociación Colombiana de Ingenieros” and 
“Ministerio de Ambiente y Desarrollo Sostenible” and institutions that understand what the 
nuclear energy debate in Colombia is about. All the information gathered in reports, statistics, 
degree papers and data bases, is analyzed because it provides an overall understanding of 
nuclear energy from different points of view. Justification: This research poses as main 
objective to identify government´s current position as well as citizen´s perspective about 
nuclear energy as an alternative source of electricity, at least, of professionals who 
understand what nuclear energy is. This identification is made after the n 
egative impact caused by the nuclear accident in Fukushima (2011), keeping in mind, as it 
was said before, that nuclear investment different from that for nuclear power generation is 
not new for Colombia. President Dwight D. Eisenhower, once World War II was partially 
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over pretended to preclude any sort of nuclear proliferation. Thereby, he established the 
program “Atoms for peace” that allowed the United States to lead nuclear development in 
the world thanks to the implementation of cooperation programs with some countries, among 
those, Colombia. Thus, this research will allow me to find out why the interest of the 
Colombian State in acquiring the nuclear research reactor donated by the United States, as 
well as our government´s current position concerning electricity generated by nuclear energy 
and its position in terms of nuclear proliferation. Equally important, it will be possible 
to determine and identify the new public policies and lessons learned by Japanese 
government right after the nuclear disaster in terms of nuclear energy as a source of 
electricity.  This work is done as an activity of the research group “Estudios Internacionales 
y Políticos” in the line of research “Estudios politicos” because it deals with: a) political 
actors behavior (those aimed in the survey) regarding nuclear energy as an electricity source 
and, b) Lessons and precautions that derived from Fukushima´s nuclear disaster which may 
be implemented by Colombian government in case it desires to use this kind of energy. 
Regarding the literature review, I would like to mention some publications which deal with 
the subject of my project. First, there are some articles which mention the program “Atoms 
for peace”; this is the case of case of Richard G. Hewlett and Jack M. Holl in their article 
“Atoms for Peace and War (1953-1961)”. 
In this article, the authors explain some of the arguments president Eisenhower3 used in order 
to propose the need of including the disarmament policy as an important factor in the 
American foreign policy (Hewlett, Holl, 1989). Besides, it also refers to the president´s 
                                                             
3 Dwight Eisenhower, a member of the Republican Party, took office as the 34th President of the United 
States on January 20, 1953 at age 62 (Insidegov, sf).  
10 
 
profile and his conception regarding a post war world, making continuous emphasis on his 
own methods to consolidate the peace deterring any kind of nuclear proliferation (Hewlett, 
Holl, 1989).  
Even though the president did not have as much knowledge as he would have desired to have 
about nuclear weapons, he thought it was necessary to create a program like “Atoms for 
peace”, with the intention of taking care and managing nuclear development in some 
countries. In addition, regarding the American disarmament policy, his peace conception and 
the use of alternative sources of energy, the president mentioned the way his proposal may 
strengthen the relation of the United Stated with the third world countries (Hewlett, Holl, 
1989). 
Although the president considered this program a good measure, the Russian media 
perception about it was the contrary. The media mainly considered that the way Americans 
would handle the nuclear issue would threaten the international system. As a result, this 
created some differences between the major powers of the World War II, especially when 
the Soviet Union was not allowed of full participation in the Atomic Energy Agency4 when 
was established (Hewlett, Holl, 1989). 
Authors like David Fisher presented some evidence about the intention of President 
Eisenhower, who in 1953 proposed the creation of an organization in charge of promoting a 
stable peace system using nuclear energy as its main objective and not investing in nuclear 
weapons (Fisher, 1997).  He also mentioned that by the end of World War II, the United 
                                                             
4  The IAEA is the international center for cooperation in the nuclear field (IAEA, sf). 
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States looked forward to reassure the Soviet Union that there was no need to launch any kind 
of preventive war5 (Fisher, 1997).  
As a result, the two main powers of World War II agreed to limit their weapons and war 
fleets (Fisher, 1997). Some of the ideas of the new organization consisted principally in 
establishing a kind of bank containing natural uranium and fissile materials. Equally 
important, the organization encouraged worldwide investigation of nuclear usage and 
diminished the risk of the possible spread of nuclear weapons (Fisher, 1997). 
Same as David Fisher, Alice Buck in her article “A history of the Atomic Energy 
Commission”, argues the reasons why the United States was interested in creating an 
organization to regulate any kind of misconduct related to nuclear proliferation (Buck, 1983). 
Initially, President Eisenhower pretended to establish a stable peace scenario. However, once 
it was known, in 1949, that the United States did not have the monopoly of nuclear 
development because the Soviet Union was already making some research in this subject, the 
purposes of the new organization changed (Buck, 1983).  
The author also mentions the creation of some organizations like the European Atomic 
Energy Community6 (Buck, 1983).  The International Atomic Energy Agency and the 
European Atomic Energy Community, which were mainly founded to regulate nuclear 
development and risks like those associated to nuclear proliferation worldwide. It must be 
taken into account that, even though the two main countries of  World War II, The United 
                                                             
5 The strategic logic of preventive war is rooted in the desire to halt the erosion of relative power to a rising 
adversary and the future dangers this power shift might present (Silverstone, 2011).  
6 Organization in charge of Underpinning EU radiation protection policy to maintain and improve high levels 
of protection, in particular to resolve uncertainties in the field of low and protracted doses (European 
Commission, 2015).  
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States of America and the Soviet Union, agreed to ratify a cooperation memorandum, there 
were still some tension and prevention between them (Buck, 1983). 
The International Atomic Energy Agency promotes the benefits that brings nuclear 
development, especially environmentally friendly benefits. Due to lack of access to energy, 
population growth and the new trends of energy development, the organization is committed 
to share its knowledge about nuclear power production among its member states (IAEA, 
2016).  
One of the main issues the International Atomic Energy Agency had to deal with, took place 
in Japan. Right after the Fukushima´s nuclear plant disaster of March 20117, the visible 
vulnerabilities of nuclear energy security made citizens felt uncomfortable, insecure and 
anxious about the future of this sort of energy (IAEA, 2013). As a lesson learned, and keeping 
in mind that security cannot be taken for granted; the organization has been enhancing 
nuclear security in the 21st century (IAEA, 2013). 
The program “Atoms for peace” and the International Atomic Energy Agency were already 
mentioned. However, authors like Nelson Graig Doyle considered that since Dwight D. 
Eisenhower became president of the United States, he looked forward to decrease tensions 
with the Soviet Union and begin with the process of nuclear disarmament once World War 
II was partially over (Doyle, 2009).  In his paper, the author examined how Eisenhower´s 
policy was planned to spread itself all over the world (Doyle, 2009).  
                                                             
7 The Great East Japan Earthquake of magnitude 9.0 at 2.46 pm on Friday 11 March 2011 did considerable 
damage in the region, and the large tsunami produced the shutdown of eleven reactors (World Nuclear 
Association, 2017). 
13 
 
In contrast, here it is considered how through international cooperation, President 
Eisenhower provided Colombia a nuclear reactor. This is the IAN-R1 nuclear research 
reactor. By the time Rojas Pinilla was leading the dictatorship, there was a kind of auspicious 
atmosphere regarding nuclear development (León, 2004, pp 31-48). Then in 1956, the 
Atomic Energy Commission of Colombia was established in order to regulate and investigate 
some possible sources of Uranium in certain parts of the country. Therefore, at this point, 
León sees how Colombian state was partially interested in nuclear development. (León, 2004, 
pp. 31-48). 
By the time General Rojas Pinilla acquired the nuclear reactor IAN-R1 these were some of 
the applications:  Food irradiation, Agriculture, Insect control, Medicine and Industry. Hence, 
it was clear that General Pinilla pretended somehow to industrialize the country by using 
nuclear technology for peaceful applications (León, 2004, pp 31-48).   
Before acquiring the nuclear reactor donated by United States with the program “Atoms for 
Peace”, Colombian government had already use nuclear technology (radiation for cancer 
treatment). Basically, in 1928 the minister of public instruction José Vicente Huertas 
proposed to the congress the foundation of “Instituto Nacional Radium”, which changed to 
“Instituto Nacional de Cancerología” in 1951 (Consorcio Energético CORPOEMA, 2010). 
In terms of nuclear cooperation, authors like Layla Dawood, Mônica Herz, Juanita Pérez 
Vargas and Giovanni Venirli, define a “Nuclear Policy” for the implementation of nuclear 
cooperation among countries in Latin America (Dawood, Herz, 2013. Hence, they argue that 
relations between these countries should adhere to the principles against the production of 
nuclear weapons and against any sort of nuclear oriented regime, because this will 
particularly create different threats to the region (Dawood, Herz, 2013). 
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Similarly, the authors mentioned the creation of the Nuclear Weapons Free Zone8, which 
took place when the Tlatelolco Treaty was signed in Mexico (Dawood, Herz, 2013). This 
treaty along with the Global Initiative to Combat Nuclear Terrorism and the Proliferation 
Security Initiative, made the international community feel sure about nuclear development 
in Latin America. Nevertheless, the authors also expressed the idea that the waste generated 
by the production of nuclear power, specifically plutonium, could serve as raw material to 
create weapons (Dawood, Herz, 2013).  
They all argue that since the creation of ARCAL, acronym in Spanish for (Acuerdo Regional 
de Cooperación Para La Promoción de la Ciencia y Tecnología Nucleares en América 
Latina y el Caribe) in 1984, there has been an improved development in terms of human 
security, environment, nuclear energy and radiological security (Pérez, Venirli, 2010), 
related to the use of nuclear technologies.  Thus, they suggest that Latin American countries 
have partially contributed to world nuclear development.  
We have not yet analyzed the impact toward climate change of nuclear power. Charles 
Ferguson argues that the number of policymakers, businesspeople and environmentalists who 
believe a major expansion of nuclear energy, has increased. Manly, because of the impact 
and greenhouse gases emitted by other sources of energy (Ferguson, 2007). Therefore, he 
poses the following questions: Where and how do countries use nuclear energy? And what 
contribution can nuclear energy make to strengthen energy security and reduce global 
warming? (Ferguson, 2007). 
                                                             
8 The establishment of Nuclear-Weapon-Free Zones (NWFZ) is a regional approach to strengthen global nuclear 
non-proliferation and disarmament norms and consolidate international efforts towards peace and security 
(UNODA, sf).  
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As a brief conclusion, although there are advantages and risks associated with nuclear energy 
development, he makes emphasis in a significant risk. Radioactive waste disposal, which 
may be used by terrorist groups who desire to build weapons (Ferguson, 2007). So, since the 
number of countries joining the nuclear energy trend has increased, there will be even higher 
levels of radioactive waste disposal causing anxiety and fear in public opinion (Ferguson, 
2007). 
In terms of nonproliferation, Justin Alger introduced The Centre for International 
Governance Innovation, which is a think tank established to help decision makers regarding 
multilateral issues (Alger, 2008).  In his article “A guide to global governance: safety, 
security, and nonproliferation” he explains what is exactly nonproliferation. Hence, he says 
the term refers to the prevention and spread of nuclear weapons. Besides, he also says that 
nuclear safety refers to the prevention and mitigation of nuclear accidents (Alger, 2008).  
Basically, besides explaining some important concepts, the author looks forward to advice 
decision makers about all regulations and requirements a country should take into account 
regarding: investment in nuclear energy, danger and harmful effects of radiation, 
disarmament policies, free nuclear zones and human security (Alger, 2008). 
Equally important, in the “The role of nuclear power in the future energy system”, Jarkko 
Ahokas, stands out the importance of considering the role of nuclear energy systems in some 
countries in Europe, based on the fact that some among them will be coal free by 2050 
(Ahokas, Söderholm, 2016).  Nevertheless, different from other scholars, the author is not 
only concerned about nuclear power development, but his analysis also considers the needs 
to provide basic human needs such as heating, ventilation and food and water supply 
(Ahokas, Söderholm, 2016).  
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He then specifies a kind of guidance, for countries who decide to be environmentally friendly, 
by listing some of the factors they should take into account. Specifically, security factors 
which are divided in external and internal ones. Among the internal factors, we can find 
national energy infrastructures and external ones such as geopolitics, access to primary fuels, 
safety and adequacy of international infrastructures (Ahokas, Söderholm, 2016). 
He finally adds that there are different kinds of nuclear power reactors, which may be useful 
to achieve different goals. Since some countries are neither prepared nor aware about the 
risks of nuclear energy, he says that depending on how industrialized a country is, there will 
be an appropriate and convenient small nuclear reactor for it (Ahokas, Söderholm, 2016). 
In contrast, there are also authors who are against nuclear energy. William Hummel, in his 
article “Environmental critiques of nuclear energy”, argues that for environmentalists one 
of the main concerns of this kind of energy is associated with the waste produced by the use 
of uranium and its vulnerability since it is an interesting target for sabotage and nuclear 
proliferation (Hummel, 2012). Pointing this out, even though the use of nuclear power may 
bring many benefits, there are some consequences people still need to work on (Hummel, 
2012). 
Authors like Sean Andrew McGhee considers that due to the risks to human security like 
high percentage of cancer cases and uncertainty, we should give this energy a different 
treatment when compared with other energy sources for electricity generation (McGhee, 
2013). In the same matter, the RSIS Centre for Non-Traditional Security Studies states that 
the nuclear accidents in Three Mile Island (1979) and Chernobyl (1986), stigmatized nuclear 
energy use, deviating public understanding about its benefits (RSIS, 2010).  
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There are also authors like Benjamin K. Sovacool and Christopher Cooper who seem to be 
reluctant about nuclear power. They both presented in their article “Nuclear Nonsense: Why 
Nuclear Power is no Answer to Climate Change and the World´s Post-Kyoto Energy 
Challenges”, some arguments like: nuclear reactors take much longer to build, they are 
exposed to escalating interest rates and they could threat human beings. (Sovacool, 
Christopher, 2008).  
 As a result, they proposed renewable power technologies because they reduce dependence 
on foreign sources of fuel and minimize exposure to economic and political changes abroad 
(Sovacool, Cooper, 2008). Finally, the authors foresee how renewable energy could be much 
feasible. However, global warning still seems to be a primary concern (Sovacool, Cooper, 
2008). 
 
 
 
 
 
 
 
 
 
18 
 
Framework 
Throughout this research some concepts that may be unknown to the reader will me 
mentioned. Thus, within the following pages, some of the terms and variables which were 
considered the most relevant ones in order to well understand this research will be 
approached. Bearing this in mind, this research will initiate approaching thinks like: What is 
uranium and where it is found? And current subjects like nuclear proliferation.  
Generally speaking, according to the U.S Department of Energy Office of Environmental 
Management in the article titled “Characteristics of Uranium and its Compounds”, “Uranium 
is a radioactive element that occurs naturally in varying but small amounts in soil, rocks, 
water, plants, animals, and all human beings” (U.S Department of Energy Office of 
Environmental Management, 2001). In nature, the most common isotopes of uranium are: 
uranium-238, uranium-235, and uranium-234.   
In addition, keeping in mind those three isotopes are naturally radioactive, uranium-235 is 
capable of fission. So, what does this mean? It means that by splitting the nucleus into two 
parts, considerable energy is released, making the uranium-235 suitable for nuclear reactors 
to produce electricity (U.S Department of Energy Office of Environmental Management, 
2001). In 2013, about 11 % of World´s electricity was generated from uranium in nuclear 
reactors. Among some of the countries which currently use nuclear energy as a source of 
electricity we can find: The United States, France, Russia, South Korea, China, Canada and 
some others (World Nuclear Association, 2017). 
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However, even though uranium-235 is fissile9, it is not enough for a power plant to produce 
electricity. For this reason, an enrichment process is necessary. This is a process which 
increases the capacity of the uranium-235 to fuel a nuclear chain reaction. As a result, 
uranium will be enriched and electricity produced. Nowadays, the most common methods 
for enriching uranium are: centrifugation10 and gaseous diffusion11 (World Nuclear 
Association, 2017). 
Nevertheless, when was nuclear research considered to produce electricity? Generally 
speaking, citing what it is stand in the article The History of Nuclear Energy by U.S 
Department of Energy, in the 1960s, the nuclear power industry in the United States believed 
this new form of electricity production was environmentally clean and safe for peaceful 
applications. As a result, thanks to fission, a new suitable form to produce power was 
considered. (U.S Department of Energy, sf). 
Considering this, due to the program “Atoms for peace” created by the United States at the 
end of World War II, which primarily pretended to counter nuclear proliferation around the 
world, it is necessary to know which interests General Rojas Pinilla´s administration had 
regarding the acquisition of the nuclear reactor  IAN-R1. Among those interests, we find: 
(Produce radioisotopes12 for the health sector, industry, mining, oil and agriculture and 
                                                             
9 Fissile materials are composed of atoms that can be split by neutrons in a self-sustaining chain-reaction to 
release enormous amounts of energy (Institute for Energy and Environmental Research, 2012). 
 
10 Centrifugation is the highest performance technology available today. It offers better guarantees in terms 
of energy savings, controlling environmental impact and also competitiveness. It is already used in many 
countries around the world (AREVA, sf). 
 
11 Using this principle, enrichment is carried out in successive stages: gaseous UF6 (compound used during 
the enrichment ) is pushed by a compressor through a cascade of diffusers containing porous diffusion 
barriers 
12 Radioisotopes are radioactive isotopes of an element. Different isotopes of the same element have the 
same number of protons in their atomic nuclei but differing numbers of neutrons (ANSTO,sf). 
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research) (Redondo, 2007). Throughout this research those applications will be better 
explained. 
Nowadays, even though there are some developed countries which generate electricity using 
nuclear power, there is still uncertainty regarding two subjects. Nuclear proliferation and 
nuclear waste disposal. Nevertheless, in this framework there will not be a profound emphasis 
about these concerns because they will be better explained within the paper, but rather, the 
reason why countries use nuclear reactors to produce electricity will be treated. 
In terms of competitiveness nuclear power competes economically with power plants that 
burn oil, coal and natural gas, especially in countries that do not have reserves of these three 
conventional fuels. Besides, regarding climate change nuclear power is one of the few 
sources of energy which does not produce greenhouse gas13 emissions, as conventional fuels 
(oil, coal and natural gas) do. Adding to that, at present, many governments are considering 
introducing nuclear power plants due to the growing demand for electricity.  
Thus, even though there have been nuclear accidents (Fukushima) nuclear power is an 
alternative for power generation for some countries. If we take into account the whole cycle 
associated with the production of nuclear power (uranium production uranium enrichment, 
power plant construction, fuel production and reprocessing, waste disposal, power plant 
decommissioning) we find that the cost of electricity produced compares  with the cost of 
generating electricity by using conventional fuels (oil, coal, natural gas) is lower (Yusuf, 
2008).  
                                                             
 
13 A greenhouse gas (often abbreviated as GHG) is a gas that both absorbs and emits radiation in the 
infrared range, commonly called thermal radiation or heat. When present in the atmosphere, these gases 
trap radiation in the form of heat, causing a warming process called the greenhouse effect (Beaco2n, sf).  
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Bearing this in mind, it turns out to be necessary to know the current Colombian 
government´s energy agenda. Generally speaking, the agenda helps the government to 
stablish and execute a long term energetic policy including political and social approval 
(Agenda de Energía, 2014). In Colombia, this is the case of “Plan Energético Nacional 
Colombia: Ideario Energético 2050 ” elaborated by “Ministerio de Minas y Energía” in 
2015. In this way, in the following research both current government´s position and some 
citizens (those aimed in the survey) perception regarding nuclear power as an alternative 
source of energy, will be identified.  
One of the secondary objectives pretends to “Demonstrate the interests Colombian 
government had once it acquired the nuclear reactor IAN-RI at the end of World War II with 
General Rojas Pinilla throughout the program “Atoms for peace””. For this reason, 
considering the chronological order of this writing, this objective will be treated first. 
CHAPTER 1. COLOMBIAN GOVERNMENT AND THE NUCLEAR RESEARCH 
REACTOR IAN-R1 
All begins right after the Great War was partially over. President Eisenhower perceived how 
the international system was altered. Therefore, he pretended to guarantee and preserve world 
peace with the establishment of the program “Atoms for peace” (Hewlett and Holl, 1989).  
As a matter of fact, once the United States knew they were not the only ones leading nuclear 
development, but also the Soviet Union, both countries became concerned about nuclear 
proliferation. As a result, a new order14   was established.  
                                                             
14 The New World Order represents a new structural and normative change caused by globalization (Woyach, 
1996, pp. 339-352).  
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The United States’ objective was to lead nuclear management through the “Atoms for Peace” 
program. The program was also a way to spread its foreign policy especially in developing 
countries. “Atoms for peace” was created without consulting any organization or taking into 
account population acceptance (Hewlett and Holl, 1989). Therefore, in order to mitigate the 
undesirable spread of nuclear proliferation, some organizations where founded with the 
objective to help and guide countries interested in acquiring nuclear power. This was the case 
of the International Atomic Energy Agency (IAEA) (Hewlett and Holl, 1989). 
In Colombia, once the “Atoms for peace” program was promoted by the United States, the 
government of President Gustavo Rojas Pinilla established the first nuclear institution in the 
country, “Instituto Colombiano de Asuntos Nucleares” (ICAN), which had a short life, from 
1956 to 1959. This institution became the “Instituto de Asuntos Nucleares” in 1959. In 
general terms, President Gustavo Rojas Pinilla had as mainly purpose contribute to the 
industrialization of the country by using nuclear technology (León, 2004, pp 31-48).   
Thus, the “Instituto Colombiano de Asuntos Nucleares” became responsible for promoting 
and regulating peaceful nuclear applications as well as investigating some possible Uranium 
deposits in certain parts of the country (León, 2004, pp 31-48).  Generally speaking, by 
promoting the peaceful applications of nuclear energy in the future production of electricity 
and the use of radioisotopes (nuclei that emit different types of ionizing radiation) in different 
areas such as cancer treatment, nuclear medicine, radio diagnostics, production of industrial 
products, the Colombian government justified its interest in benefitting from this American 
program (León, 2004, pp 31-48).   
However, in 1958 President Alberto Lleras Camargo considered the project as a particular 
program of Rojas Pinilla´s regime. As a result, the budged assigned to the institute was 
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frozen. For this reason, the benefits of peaceful applications of nuclear energy to the 
population, development and scientific research became less important to the government 
(León, 2004, pp 31-48).   
Nevertheless, what did exactly president Eisenhower provide to President Rojas Pinilla? 
In order to manage and make use of nuclear technology, developing countries like Colombia 
need a nuclear research reactor mainly used for material testing, nuclear engineering and 
training. It is crucial to mention that during this period of history, most developing countries 
did not consider this type of nuclear reactors for their military potential, but rather their 
valuable meaning for developing purposes. 
The IAN-R1 nuclear research reactor as most of the reactors developed by the United States 
for peaceful applications, were mainly designed for training purposes (Chaparro, 2016). Its 
power is considerably low compared to power reactors built to generate electricity (Chaparro, 
2016).  Once its fuel, enriched uranium, is consumed, it becomes necessary to return it to the 
provider of the reactor (Chaparro, 2016).  
In terms of the peaceful nuclear applications first considered by President Gustavo Rojas 
Pinilla, we find (Atomic Energy, 1997):  
Food irradiation:  Ionizing radiation kills insects and bacteria that may cause some diseases. 
This application protects food consumers. 
Agriculture: Ionizing radiation helps diversify seeds by genetic mutation. Therefore, it 
contributes to improve agricultural production. 
Insect control: Ionizing radiation disinfests the harvest; by killing pests that affects it. Thus, 
it reduces loses due to pests. 
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Medicine:  In this particular domain, ionizing radiation is used for diagnosis and therapy. 
This is the case of radiotherapy for cancer treatment and of nuclear medicine, as well as radio 
diagnostics. 
Industry: Radioactive materials (they produce ionizing radiation) are used as environmental 
tracers to detect pollutants, as well as in industrial radiography and as radioisotope power 
sources. 
However, why should developing countries consider using nuclear power as an alternative 
source of electricity? For those countries that have a higher demand of electricity due to 
growth rates, problems regarding security and supply of traditional sources of energy, a lack 
of fossil fuels, social disparities among population and desire to modernize and upgrade their 
industrial infrastructure, nuclear power seems to become a good alternative (Arriagada, 
2010).  
In support of the previous idea, here are some of the reasons nuclear power for electricity is 
being considered around the world (Arriagada, 2010):  
- Nuclear power plants contribute to reduce greenhouse gas emissions, when they are 
compared to fossil power plants. 
- Compared to the degradation produced by fossil fuels combustion, nuclear energy 
becomes somehow competitive. 
- Nuclear energy enhances energy security, helps to mitigate global warming and, on 
occasions, guarantee lower electricity prices. 
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Bearing this in mind, it is necessary to know some of the negative and positive aspects 
regarding nuclear energy as an alternative source of energy. So, the following chapter stands 
for the secondary objective “demonstrate how nuclear energy contributes to sustainable 
development” 
CHAPTER 2. NUCLEAR POWER  
Developed and developing countries which are certainly interested in becoming nuclear 
whether or not for obtaining electrical energy from nuclear power, should always work in 
cooperation and under International Atomic Energy Agency principles. Thus, every time a 
country undermines those principles a warning should be executed. On the other hand, 
nuclear power and its related technologies are not always aimed to generate nuclear energy, 
but rather to contribute to gross domestic product. 
Generally speaking, nuclear energy industry has been considered by some developing 
countries due to its associated technology development and job-creating possibilities 
(Nuclear Energy Institute, 2014). Besides, its huge and notorious contribution to the 
environment compared to nonrenewable sources of energy. Indeed, this industry is currently 
requiring a large number of qualified employees, for an environment where high salaries and 
security conditions are priorities (Nuclear Energy Institute, 2014). 
For instance, some analysis made by the IAEA showed up that nuclear power plants create 
the largest workforce annual income (IAEA, 2016) when compared with other conventional 
power plants. This is due to the high salary opportunities and security requirements to operate 
the plant. In the following chart elaborated by the Nuclear Energy Institute (NEI)15 we can 
                                                             
15 The mission of this institute is to foster the beneficial uses of nuclear technology (NEI, sf). 
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perceive how nuclear plant workforces are compared to other conventional power plants 
(Annex 1).  
In addition, there seems to be another economic contribution regarding nuclear power in 
terms of electrical energy. Its usage will certainly stabilize and reduce electricity price (Korea 
Atomic Energy Research Institute, 2009) Thus, nuclear energy becomes competitive because 
of its low costs compared to oil and coal. For example, regarding the stabilization of 
electricity price, the next chart presents the case for South Korea in 1980. It basically shows 
how cheap nuclear electricity is in a country where energy sources are not abundant (Annex 
2). 
2.1 SUSTAINABLE DEVELOPMENT AND NUCLEAR POWER 
It is well known that some countries have considered the use of nuclear power due to 
population growth and the high demand of electricity. At this point, most policymakers as 
Charles D. Ferguson suggested in his article titled “Nuclear Energy Balancing Benefits and 
Risks” are somehow realizing about how attractive nuclear energy has become because of its 
low emission of greenhouse gases compared to fossil fuels. 
Furthermore, Ferguson posed the following question: What contribution can nuclear energy 
make to strengthen energy security and reduce global warming? Before approaching this 
question, it is necessary to establish what sustainable development actually is. This concept 
was elaborated in the late 1980s by the Brundtland16 report as “a development that meets the 
                                                             
16 Originally known as the World Commission on Environment and Development, the mission of Brundtland 
Commission is to unite countries to pursue sustainable development (WCED, sf). 
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needs of the present without compromising the ability of the future generations to meet their 
own needs” (Nuclear Energy Agency, 2000). 
In terms of reducing global warming, nuclear power could be considered beneficial because 
once nuclear effective policies are found, anthropogenic emissions of greenhouse gases may 
reduce exponentially. In the case of nuclear power, different than fossil fuels, the only 
facilities involved will by science and technology oriented, instead of natural resources. Its 
base resource (uranium), could be extended through recycling of fissile materials17 (Nuclear 
Energy Agency, 2000).  Indeed, the new generation of nuclear power plants might contribute 
to mitigate greenhouse gases production. 
The following graphic represents how much and how energy was produced in 2015. All 
regions except Europe and Eurasia were analyzed (Annex 3). 
Different than in the previous statistics, in the following one Europe and Eurasia were 
included, showing how much energy was obtained from oil, coal, natural gas, renewables 
and nuclear energy in 2015 (Annex 4).  
Generally speaking, oil is conceived the dominant fuel in Africa and the Americas, natural 
gas dominates in Europe, Eurasia and the Middle East. Besides, coal remains dominant in 
the Asia Pacific region (Annex 5).  
 In the following graphic, it is possible to perceive this tendency by regions, according to 
international organizations (Annex 6). 
                                                             
17 The fissile material (nuclide) is material that is capable of undergoing fission reaction after absorbing 
thermal (slow or low energy) neutrons (Nuclear Power, sf). 
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2.2 NUCLEAR ENERGY FOR DEVELOPING COUNTRIES  
The International Atomic Energy Agency since its creation in 1957, has provided assistance 
to developing countries which desire to acquire nuclear power and nuclear technologies for 
development purposes. The organization, since its foundation has maintained a particular 
approach to materialize its objectives. Nowadays, it is expected that the cooperation provided 
by the organization remains in terms of offering a comprehensive and integrated approach, 
emphasizing development at the same time that pursues a non- proliferation approach. 
The following chart shows a projection of different scenarios for some Latin American 
countries, which currently have or will probably have nuclear power in a few years. These 
countries take into account environmental aspects, electricity demand, cooperation between 
states and population growth (Annex 7) 
In the same manner, regional integration regarding energy cooperation in terms of nuclear 
power is considered in the following chart (Annex 8). 
In a similar way, the following chart shows estimated population growth and nuclear power 
production in Latin American countries (Annex 9).  
Contrasting what was said before about Colombia´s nuclear research reactor, which is the 
IAN-R1, used primarily for investigations, in this section, some other kinds of nuclear 
reactors for power generation will be treated. Literature review allowed me to understand the 
main concerns developing countries might have regarding nuclear energy usage. Among 
those: nuclear waste and nuclear proliferation. Bearing this in mind, it turns out to be 
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necessary to identify how small nuclear reactors may contribute to avoid environmental 
degradation. 
After Fukushima´s nuclear disaster, citizen´s thoughts claiming for nuclear energy shut off 
increased exponentially. However, there are some countries which are actually considering 
nuclear power as an alternative source of energy due to the volatility of fossil fuel prices, 
energy security concerns and the high cost of solar and wind energy. Thus, government 
officials have considered small reactors, because they require less investment and can be built 
in short periods of time compared to a typical nuclear power reactor. 
The International Association for Energy Economics18 has recently found these small 
reactors very attractive. Among some of their advantages, we can mention (IAEA, 2002):  
- Their small size and modular construction will allow these reactors to be 
manufactured completely in a factory. 
- Their lower power levels represent lower risks of accident. 
- Their small size is appropriate and suitable for small electric grids. 
- They have a smaller nuclear core, which does not need to be refueled very often 
compared to the traditional cores found in present nuclear power reactors. 
The use of these kinds of reactors is somehow quite recent. Politicians and the industry began 
to consider it seriously due to population growth and economic needs. Therefore, small 
nuclear reactors are new alternatives citizens and environmentalists should take into account 
due to its benefits regarding climate change mitigation. 
                                                             
18 It is an independent, non-profit, global membership organization for business, government, academic and 
other professionals concerned with energy and related issues in the international community (IAEE, sf). 
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Most environmentalists are mainly concerned about the danger and already known 
consequences of using nuclear energy as an alternative source of electricity. Besides, they 
are frequently asking about the danger of uranium waste disposal and its attractiveness for 
being a perfect target for sabotage and, of course, nuclear proliferation. All these factors are 
even more important in a country like Colombia whose experience and energy approach does 
not involve nuclear power.  
However, with the introduction of small nuclear power plants, the international community 
and the IAEA have given to environmentalists and other people concerned with the negative 
impacts of nuclear power usage, a new perspective to consider how beneficial, in terms of 
economic competitiveness, sustainable development and decreased global warming, nuclear 
energy could be. Nevertheless, it is not clear yet what it is nuclear waste.  
2.3 NUCLEAR WASTE 
 
Nuclear waste disposal is today´s main issue regarding nuclear energy usage (Hummel, 
2012). Both developed and developing countries are currently struggling with the huge risks 
associated with nuclear waste. Hence, I am going to mention what is being considered 
nowadays by the international community as a solution. Due to the high levels of radiation 
after uranium is used in generation of electricity, the high costs of managing nuclear waste 
and the continued generation of radiation after the uranium fuel is extracted from the nuclear 
reactor, there are different strategies some countries have recognized as possible paths to deal 
with nuclear waste.  
The International Atomic Energy Agency is in charge of regulating and guiding governments 
through the use of uranium as an energy source to produce electricity. The following chart 
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shows the overall process and safety standards provided by the organization in order to 
manage the use of uranium (Annex 10). 
Bearing this in mind, it is necessary to define what “Disposal and storage” mean to the 
International Atomic Energy Agency.  Disposal “refers to the emplacement of radioactive 
waste into a facility or a location with no intention of retrieving the waste” (IAEA, 2011).  
By contrast, the term storage refers to the “retention of radioactive waste in a facility or 
location with the intention of retrieving the waste” (IAEA, 2011). Hence, both terms are 
designed to contain waste to avoid it enters into contact with the surrounding environment. 
The main objectives of the storage are the following (World Nuclear Association, 2016): 
- To contain the waste. 
- To isolate the waste from the accessible biosphere and to reduce substantially the 
possibilities of human intrusion into the waste. 
- To inhibit, reduce and delay the migration of radionuclides at any time from the waste 
to the accessible biosphere. 
- In general, to ensure that radionuclides contained in nuclear waste do not reach the 
biosphere. 
In addition, nuclear waste has been classified in four categories (World Nuclear Association, 
2016): 
- High-level waste: this nuclear waste remains as such for very long periods of time, 
once nuclear fuel is used in a nuclear reactor to generate energy. It has to be stored 
for hundreds of years. 
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- Intermediate level waste: it contains materials that after a short number of years 
stops being radioactive. However, it still needs to be stored away from human 
exposure. 
- Low-level waste: Here we can find materials used during the process of operating 
the nuclear reactor (tools, tubes and clothing). 
- Mill tailings waste:  Here we find nuclear materials like thorium and uranium that 
are produced during the extraction process of uranium, but are not used. 
Countries which do have nuclear reactors along with the IAEA have established the following 
mechanisms to deal with nuclear waste and the radiation it produces (World Nuclear 
Association, 2016):  
- Incineration: this method is usually aimed to clothes and low-level nuclear waste 
materials. 
- Storage: Also called radioactive decay storage. It basically consists on keeping the 
nuclear waste until it is no longer radioactive. 
- Shallow Burial: It basically consists on burying nuclear waste, in a definite way, and 
covering it with a non-permeable material like clay. 
- Deep Burial: this process suggests burying the material deep within the earth’s crust. 
- Recycling: Uranium and plutonium that is produced in the nuclear reactor when 
uranium is fissioned have long lives, so they can be recycled to fabricate new nuclear 
fuel for reactors. 
There are also others methods currently considered (World Nuclear Association, 2016) 
- Space Disposal: carrying and leaving materials in outer space. 
- Seabed Disposal: It suggests to embed waste deep in the seabed. 
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- Long term aboveground Storage Bunkers: a process that allows isolating nuclear 
waste far from humans and inhabited land. 
As it was stated before, nuclear waste disposal has become the main issue for those countries 
which possess nuclear reactors and those countries desiring to build them.  Due to high costs, 
long periods of time required for radioactive decay, specialized storage, collateral effects, 
difficult transportation and population concerns regarding human security specifically health 
consequences, different countries have adopted different strategies for managing nuclear 
waste. Here there is a chart of countries, which have gone nuclear with its strategies regarding 
nuclear waste management (Annex 11). 
Unfortunately, most of the literature revolves around only two specific nuclear disasters, 
which were considered the most damaging ones. What occurred in Fukushima in 2011 and 
Chernobyl in 1986. Thus, I will briefly mention that there have been other smaller accidents 
throughout history that also caused some casualties.  I do so because in order to consider 
investing or not in nuclear power and better understand the nuclear debate, it is necessary to 
recall there have been other nuclear accidents throughout history (Annex 12). 
Taking this into account and the objective “Identify the lessons learned by the Japanese 
government right after Fukushima´s nuclear disaster in 2011 in terms of nuclear energy as a 
source of electricity”, it is necessary to consider what suggestions were given to the Japanese 
government by the International Atomic Energy Agency in order to improve its nuclear 
development . For this reason this will be the next chapter. 
CHAPTER 3. LESSONS LEARNED BY JAPANESE GOVERNMENT AFTER 
NUCLEAR FUKUSHIMA´S DISASTER 
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First of all it is necessary to clarify what exactly happened in Fukushima in 2011. For that 
reason, in the article titled “Fukushima Nuclear Disaster” written by Mark Holt, Richard 
Campbell and Mary Beth there is a brief explanation about what occurred. It all began when 
a huge earthquake and tsunami simultaneously struck Japan´s Fukushima Daiichi nuclear 
power station on March 11, 2011 (Holt, Campbell, Beth, 2012). 
As a result, backup power systems which were essential to cool the four reactors at the power 
station failed. This failure allowed temperatures to rise in the nuclear power plant to very 
high values that generated gases and hydrogen explosions19, radioactive material releases20, 
radioactive contaminations in zones around the nuclear power plant and fuel melting in three 
of the reactors (Holt, Campbell, Beth, 2012). In addition, people living around a plant at 
distances less than 25 km were instructed to evacuate due to the radioactive contamination 
that deposited radionuclides21 on the land (Holt, Campbell, Beth, 2012). 
This disaster ended up causing the most extensive release of radioactivity since the Chernobyl 
accident in 1986. Nevertheless, different from other nuclear disasters, the Fukushima Daiichi 
accident was started by natural disasters instead of human mismanagement of the reactors or 
equipment failure (Holt, Campbell, Beth, 2012).  
After the accident, the International Atomic Energy Agency provided some guidance and 
assistance to Japan. In general terms, the country received some equipment, pumps, advice 
and means to initiate radioactive decontamination programs. Medical support to irradiated 
                                                             
19 Hydrogen in sufficient concentrations and quantities can create a harmful overpressure which may result 
in direct hazards from the overpressure and indirect hazards from building damage or flying debris 
(Hydrogen tools, sf).  
20 Are the energy and mass released by spontaneous changes in the nucleus of an atom (ANSTO, sf). 
 
21 A radionuclide is an atom with an unstable nucleus which, to become more stable, emits energy in the 
form of rays or high speed particles (EPA, sf).  
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people and some equipment to monitor radiation was also provided. After Fukushima’s 
accident, natural disasters started being considered as a relevant variable regarding nuclear 
safety standards (Holt, Campbell, Beth, 2012). 
Right after the accident the Japanese government declared that there were some weaknesses 
in terms of plant design, emergency response and safety culture. The latter is “generally 
understood to encompass a set of attitudes and practices that emphasize safety over 
competing goals such as production or costs “(Nuclear and Radiation Studies Board, 2014). 
Besides, the government classified two kinds of accidents which should be considered 
“(Nuclear and Radiation Studies Board, 2014): 
- Internal events: accidents which may initiate inside the plant (equipment failures, 
human error and pipe breaks) 
- External events: accidents that may occur out of the plant (terrorists attacks and 
natural disasters) 
In the following chart we can see some of the failures considered by the Japanese government 
(Annex 13) 
Moreover, right after the accident a new regulatory authority (NRA) was established in 2012. 
In general terms, the NRA is formulating new regulations with the aim to protect people and 
the environment. Here are some of its objectives (NRA, sf):  
- The zwas established to study and learn from the Fukushima Daiichi nuclear accident 
of March 11, 2011 
- The NRA should seek ways nuclear accidents should not be allowed to happen again 
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- The NRA should restore public trust, in Japan and abroad, in the nation’s nuclear 
regulatory organization 
- The nuclear safety system and its management must be rebuilt on a solid basis, 
placing the highest priority on public safety and a genuine safety culture 
- Everyone involved in nuclear activities should exhibit a high degree of responsibility 
and ethical values and seek to achieve the highest levels of global safety. 
With respect to emergency response we can find the following lessons learned by the 
government (Howell, 2012):  
- Need to improve the ability to maintain safety even with an extended loss of 
emergency electric power 
- Add additional systems to monitor water level in fuel storage pools22 
- Ensure reliable hardened containment venting on specific designs 
- Evaluate protection against extreme events (earthquakes, flooding, etc.) 
- Enhance emergency planning, staffing for multi-reactor events (evacuation) 
As it was mentioned before, the International Atomic Energy Agency helped the Japanese 
government to find some weaknesses and determine lessons to be taken into consideration. 
In the document “IAEA’s Fundamentals”, document of the Nuclear Security Series, 
elaborated by the Advisory Committee on Nuclear Security in 2011, there are some 
suggestions and issues to take into account. Among these ones, we find (Howell, 2012): 
                                                             
22 The storage pool has direct under-water access to the hot cell, in which highly radioactive materials can be 
packed whilst safely shielded (TUM,sf).  
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- Strengthen Nuclear Security measures in light of the accident: work in cooperation 
with foreign countries in order to establish international standards of security with 
regulatory bodies and licenses. 
- Strengthen measures against Internal Threats. 
- Strengthen Education and Training: It is necessary to centralize management of the 
regulatory bodies in charge with the aim of giving orders in a unified way in case of 
an accident. 
- Strengthen the Nuclear Security regime: Establish a clear chain of command to 
maximize successful results in case of evacuation. 
Nowadays, even though there are some developed countries which generate electricity using 
nuclear power because of electricity demand and its low impact regarding climate change, 
there is still uncertainty about its use. For that reason and taking into account the previous 
three chapters, it is necessary to clarify both Colombian government´s current position and 
citizens (people targeted in the survey) perception with respect to nuclear power as a source 
of energy. This is the main objective of this study.  
CHAPTER 4. COLOMBIAN GOVERNMENT´S CURRENT POSITION 
REGARDING NUCLEAR POWER AS A SOURCE OF ENERGY 
Nowadays, the Colombian Geological Service (SGC) is the institution responsible for the 
nuclear research reactor. It is well known that the main reason for its reactivation, after being 
shut down for more than ten years, was to support the search for mineral resources in the 
country (Lagos, 2014). Thus, it would be possible to learn more about resources history, 
quality, quantity and location. Generally speaking, even though the reactor has been 
modernized with a new protection and control system that allows experts to better handle 
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nuclear reactor operation, its applications are still the same as with Rojas Pinilla´s 
administration (Lagos, 2014).   
Within the Colombian Development Plan for Non-conventional Sources of Energy 
(PNDFNCE), there is a power generation projection for the country that covers the period 
between 2011 and 2020. Among some of the objectives of the Plan we can find: reduce 
greenhouse gasses emissions, increase the use of more clean sources of energy and mitigate 
global warning (Consorcio Energético Corpoema, 2010).  Besides, this plan also allows the 
country to be conceived as a country that cares for global warning (Consorcio Energético 
Corpoema, 2010).  
On the other hand, the plan also foresees future and necessary links with international 
organizations regarding research, how to use non-conventional sources of energy in a more 
competitive manner, elaboration of public policies and management of climate change. 
(Consorcio Energético Corpoema, 2010).  Thus, in the following chart we can see the most 
important objectives and strategies of this plan (Annex 14).  
Generally speaking, the plan suggests to increase the amount of electricity obtained from 
wind, solar, biomass and geothermal sources due to its high potential and intrinsic relation 
with the objectives of the plan. (Consorcio Energético Corpoema, 2010). Hence, nuclear 
power is not really considered as a possible source of energy for the country because other 
sources of energy are still abundant and available to be exploited in an economic way.  
Building on this, and as is suggested in the article “Energías renovables variables y su 
contribución a la seguridad energética: complementariedad en Colombia” written by 
“Banco interamericano de Desarrollo”, the consequences of possible accidents which result 
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from Uranium extraction and processing as well as use of nuclear power are remote (Roberto, 
Ramírez, 2017). In addition, as it is stated in the plan PNDFNCE for the period 2011-2020, 
nuclear energy is not conceived as a totally clean energy because of the radioactive waste it 
produces. Besides, for our country, it is more expensive to produce electricity from Uranium 
than from non-conventional sources of energy (Consorcio Energético Corpoema, 2010). 
Bearing this in mind, Colombian government pretends to face climate change and electricity 
supply by creating short and long term strategies, not by using nuclear energy but rather non-
conventional sources like wind, solar and biomass. Because, different than what the 
International Atomic Energy Agency suggests by saying that the best way to face climate 
change is to build more nuclear reactors, Colombian government pretends to do it by 
investing in non-conventional sources of energy (Castillo,Castrillón, Vanegas, Valencia, 
Villicaña, 2014). 
Regarding electricity supply, it is  important to mention some of the current mechanisms used 
in Colombia in order to generate electrical power. I pretend to do it in order to have an overall 
understanding of how energy is being produced in our territory. 
The following maps show some of the main hydropower plants and some future hydropower 
projects in Colombia (Annex 15, Annex 16). On the other hand, I also present some other 
maps which show current geothermal plants and some future projects in Colombia (Annex 
17, Annex 18).   
Colombia generates electricity by burning natural gas. Generally speaking, in the last ten 
years energy generated by gas has increased its consumption 6,416 billion cubic meters 
resulting in a 2.5 % growth (Procolombia, 2015) (Annex 19).  
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Another important non-renewable source of energy is coal. In the following figure, an overall 
statistic is shown about how much coal was used to produce energy, in the period 2005-2012 
(Annex 20).  
As it is suggested in the article titled “Energías renovables variables y su contribución a la 
seguridad energética: complementariedad en Colombia” published in 2017, some of the 
main priorities of Colombian government are:  reduce greenhouse gases emissions, not to 
depend on fossil fuels to generate electricity and encourage the use of non-conventional 
sources of energy. Besides, within this article a new term appeared. Energy Security 
(Roberto, Ramírez, 2017). 
The International Agency of Energy defines the concept of energy security as “Uninterrupted 
availability of energy sources at an accessible price”. For this reason, in order to guarantee 
electricity supply and mitigation of greenhouse gases, non-conventional sources of energy 
have become very important for Colombian government (Roberto, Ramírez, 2017).  
In addition, considering how dependent Colombia is in terms of obtaining much of its 
electricity from hydroelectric plants and the associated risks in case of dry seasons, as it 
happened in 1992 when there was an energy crisis due to the “Fenómeno del niño”, it is 
necessary to consider the use of non-conventional sources of energy with the aim of 
guarantying electricity access (Castillo,Castrillón, Vanegas, Valencia, Villicaña, 2014) and 
diversity of its sources. 
In the same way, as it is stated in the article “Integración de las energías renovables no 
convencionales en Colombia”, Colombian government should work even more with non- 
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conventional sources of energy because they represent and opportunity for economic 
development in terms of supporting and boosting national industry (UPME, 2015). 
Equally important, going back to nuclear power, it is crucial to mention Colombian State´s 
commitment to nuclear non-proliferation, which is one of the main risks and uncertainties 
regarding nuclear power. 
4.1 COLOMBIA´S COMMITMENT TO NUCLEAR NON-PROLIFERATION 
At this point, it is necessary to understand why nations nowadays pretend to have nuclear 
weapons. So, it is essential to state what is said by Hans J. Morgenthau regarding nuclear 
proliferation. As Realism suggests, we can foresee the international system as an anarchist 
structure in which every single interest is represented in terms of power (Morgenthau, 2006).  
Therefore, remembering what he said in his book “Politics among Nations: The Struggle for 
Power and Peace”, countries should guarantee its security and existence among the others.  
(Morgenthau, 2006).  
Keeping this in mind, we need to understand how Colombia is committed to regulate its 
nuclear development regarding nuclear non-proliferation. Colombia does not possess nuclear 
weapons being a state party of the Nuclear Nonproliferation Treaty (NPT)23 since 1986. 
Besides, it is recognized as a Non-Nuclear Weapon State (NNWS) because it has ratified the 
Comprehensive Test Ban Treaty (CTBT). In addition, the country is a state party to the 
Biological and Toxin Weapons Convention (BWC)24, Chemical Weapons Convention, Arms 
                                                             
23 The Treaty on the Nonproliferation of Nuclear Weapons is the cornerstone of the nonproliferation regime. It 
entered into force in 1970, and 190 states have subscribed. The treaty covers three mutually reinforcing pillars—
disarmament, nonproliferation, and peaceful uses of nuclear energy (U.S Department of State, sf).  
24 It is the Convention on the Prohibition of the Development, Production and Stockpiling of Bacteriological 
(Biological) and Toxin Weapons and on their Destruction, commonly known as the Biological Weapons 
Convention (BWC) or Biological and Toxin Weapons Convention (BTWC), opened for signature in 1972 and 
entered into force in 1975 (UNODA.sf).  
42 
 
Trade Treaty and Latin American and Caribbean Nuclear-Weapon-Free-Zone (NWFZ)25 
(Acronym Institute for Disarmament Diplomacy, sf), established by the Treaty of Tlatelolco. 
4.2 WHAT IS THE PERCEPTION AMONG THE COLOMBIAN POPULATION 
Equally important, it is necessary to mention that there has been insecurity and uncertainty 
among citizens about nuclear energy usage as an alternative to reduce greenhouse emissions, 
due to the number of nuclear reactor accidents in parts of the world. Thus, as suggested in 
the methodology, it was necessary to talk to people whose knowledge about nuclear energy 
was considerable in order to establish what is behind the nuclear energy debate, between 
those who see nuclear power as harmful, and people who approve its application and 
research.  
The following survey was aimed to (250) professionals and students from last year of 
Environmental Engineering, Forest Engineering, Electrical Engineering and some 
professionals from institutions like “Servicio Geocológico Colombiano”, “Unidad de 
Planeación Minero Energética”, “Asociación Colombiana de ingenieros” and “Ministerio 
de Ambiente y Desarrollo Sostenible”, with the intention to know what they thought about 
nuclear energy as a source of electricity taking into account  the Fukushima´s nuclear disaster. 
MULTIPLE CHOICE QUESTIONS  
1) From the following nuclear energy threats, which one do you consider is the most 
dangerous for a developing country?  
                                                             
25 The establishment of Nuclear-Weapon-Free Zones (NWFZ) is a regional approach to strengthen global 
nuclear non-proliferation and disarmament norms and consolidate international efforts towards peace and 
security. Article VII of the Nuclear Non-Proliferation Treaty (NPT) states: “Nothing in this Treaty affects the 
right of any group of States to conclude regional treaties in order to assure the total absence of nuclear weapons 
in their respective territories“(UNODA.sf). 
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a) Nuclear proliferation 
b) Environmental degradation 
c) Radiation 
d) Radioactive waste 
Most of the people still see radiation and radioactive waste as two of the most dangerous 
threats to human being. Literature review confirms this because these two threats are 
responsible of causing human insecurity, uncertainty and fear among citizens. After these 
two, comes nuclear proliferation. Even though this variable could be important, among 
citizens does not seem to be very relevant. (Annex 21).  
2) Considering that Colombia is not industrialized enough neither has in its agenda nuclear 
energy investment, why do you reckon Colombia should have nuclear power? 
a) Lack of electricity supplies  
b) Population growth 
c) Reduction of greenhouse gases 
d) Developing purposes 
As it was expected, some people think a country like Colombia could have nuclear energy in 
order to mitigate and reduce greenhouse gases emissions26. In contrast, few people consider 
nuclear power necessary as a substitute of other sources of energy. Perhaps, because there 
are still enough reserves of hydro and fossil fuels. So neither population growth nor 
innovation in energy sources were options recognized as important by the sample. Thus, as 
                                                             
26  Active nuclear power development is a smart choice for constructing low-carbon energy structure and for 
addressing global climate changes in China (Jiang, 2011).  
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long as there are other sources of energy, nuclear will not be considered. Besides, the majority 
believes it is better to use for developing purposes. (Annex 22). 
In support of this, according to the “Unidad de Planeación Minero Energética” (UPME) in 
its research titled “El Carbón Colombiano: Fuente de Energía para el Mundo” elaborated in 
2004, the country still has sufficient reserves of coal to export to foreign countries for a long 
time. In fact, for around two hundred more years. Most of these reserves are found in these 
departments: Cesar, Córdoba, Norte de Santander, Boyacá, Valle del Cauca, La Guajira and 
Antioquia (UPME, 2004)  
Equally important, with respect to gas reserves available in the country for 2016, there is still 
enough of them for around 11,17 years according to the “Colombia: Petróleo y Futuro” 
elaborated by the “Agencia Nacional de Hidrocarburos” in 2009. Besides, it also mentions 
that by the end of 2014 there were approximately 1.665 million of barrels for around 6 years 
(ANH, 2009).  
3) Taking into account climate degradation, from the following list which one do you believe 
causes the most harmful impact to the environment? 
a) Agriculture 
b) Nuclear reactors 
c) Electricity generated by coal and gas 
d) Pollution generated by cars 
Besides explaining how harmful agriculture is in terms of climate change and water usage, I 
confirmed that people seem to be against fossil fuels because of its huge impact toward 
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climate change. However, there is still uncertainty about nuclear power and how it could 
replace fossil fuels. In contrast, people seem to recognize nuclear reactors as environmentally 
friendly (Annex 23).  
According to the “Inventario Nacional de Emisiones de Gases Efecto Invernadero” 
elaborated by the “IDEAM”, it was revealed that during the last 20 years greenhouse gases 
emissions increased 15 % from 1990 to 2010.  Among some of the departments which 
contribute to generate these emissions are: Antioquia, Meta, Valle and Santander. As a 
conclusion of this report, it was suggested to create and find some new strategies which help 
reduce greenhouse gases by 2030 as the main objective (IDEAM, 2015).  
In the following diagram it is possible to see fossil fuel´s impact toward climate change 
(Annex 24) 
In the same matter, in this one we see a general review of climate change variables (Annex 
25) 
4) It is well known that people acceptance of nuclear energy decreased due to the accident of 
Fukushima (2011). However, why do you think people’s perception and approval about 
nuclear development has been somehow stigmatized? 
a) Risk of nuclear proliferation by terrorists 
b) The accidents occurred in Fukushima in 2011 
c) Nuclear energy risks to human security 
d) Media control of information 
On this point, it was found that the majority of the sample considers that nuclear risks to 
human security impede its acceptance. In contrast, few of them consider media control of 
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information a relevant factor regarding its approval. Hence, it is valid to say that people do 
not trust in nuclear power because of the accident of Fukushima in 2011, as it was stated in 
the hypotheses. However, there are also some others factors which impede this energy to be 
favored, among them: nuclear proliferation (Annex 26).  
Bearing this in mind and what Francis Npong suggested in his article “Climate Change, 
Development of Nuclear Energy and Human Security” published in 2010, even though 
nuclear power poses some advantages, it also threats people including problems like 
transport, storage, radioactive nuclear waste, risk of nuclear weapons proliferations and 
sabotage by terrorism (Npong, 2010) 
 5) In case Colombia considers building nuclear power plants, when do you think this may 
happen? 
a) 2030  
b) 2040 
c) 2050 
d) 2060 
Nuclear energy does not seem to be considered as an alternative source of energy. 
Apparently, people do not desire nuclear power to be included as an alternative source of 
energy on Colombian energetic agenda for different reasons. Those who considered years 
like 2030 and 2040, are those who probably foresee a modernization of the current reactor 
located in Bogotá, the IAN-R1 nuclear research reactor for research applications (Annex 26).   
6) Which of the following threats could jeopardize the country if nuclear energy is conceived 
as necessary for Colombia? 
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a) Nuclear proliferation by insurgent groups 
b) Privatization of the nuclear energy sector by elite groups 
c) Waste disposal  
d) Environment degradation 
As presented by the International Atomic Energy Agency, people consider waste disposal 
the most dangerous stage of the nuclear energy process, because of the high management 
standards requirements in relation to its implementation. Equally important, some others 
perceive privatization of nuclear energy as a risk because of its possible management by an 
elite group (Annex 28).  
7) Regarding nuclear energy cooperation, which countries may Colombia count on in case 
it decides to add nuclear energy to its agenda? 
a) United States  
b) Brazil and Mexico 
c) Argentina  
d) Russia  
People certainly think The United States could once again provide nuclear energy technology 
to Colombia. Several reasons might justify such a thought. Among them: Nuclear 
cooperation received with the program Atoms for Peace and the warm and commercial 
relation between both countries (Annex 29).   
OPENED TYPE QUESTIONS 
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In order to classify all the answers of the following three questions, some patterns were 
recognized within the multiple responses. Thus, every single response was considered for 
elaborating an appropriate and reliable matrix.  
8) Which economic and social benefits toward sustainable development do you consider 
would bring this sort of energy? 
It seems people consider that nuclear power mitigates climate change. Besides, they see it as 
a reliable source of energy to supply electricity to the whole country, including peripheral 
zones without electricity access. Equally important, they suggested it may be useful for 
developing purposes (Annex 30).  
9) Which are the main risks to human security and environment degradation once nuclear 
energy turns out to be necessary?  
In case Colombia decides to initiate and include in its agenda a nuclear power program, two 
risks appear to be most important: Mutations caused by radiation and waste disposal (Annex 
31).    
10) Personally, do you see nuclear energy as a reliable alternative energy source, 
environmentally friendly after Fukushima´s nuclear disaster, yes or no and why? 
Most of the people consider other sources non-conventional sources of energy like wind, 
geothermal and hydraulic to be even more desirable than nuclear power. Indeed, they are 
environmentally friendly and abundant (Annex 32). Besides, it is believed that the global 
impact of Fukushima´s nuclear disaster changed citizen’s perception and encouraged the use 
of non-conventional sources of energy to generate electricity due to the risks it poses to 
human security. 
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CONCLUSION 
As noted above, all began by the creation of the program “Atoms for Peace” by the United 
States with the intention to counter nuclear proliferation and promote nuclear energy pacific 
applications in some countries around the world. Among those Colombia. By the time 
General Rojas Pinilla perceived how this program may contribute to industrialize the country 
in terms of research, he got interested about the reactor IAN-R1 then donated by president 
Dwight D. Eisenhower. For this reason, the purpose of the program was a success because it 
countered nuclear proliferation in the country. 
At the same time, thanks to this research it was possible to understand the interests General 
Rojas Pinilla had once he acquired the reactor during his administration. Basically, the reactor 
was aimed to be used for research and for training purposes with the aim of industrializing 
the country by using nuclear technology. 
 In effect, since the nuclear reactor IAN-R1 was stablished in Colombia, its applications are 
currently the same ones. Among those:  Food irradiation, agriculture, insect control, medicine 
and industry. Somehow, Colombian government does not consider nuclear power as an 
alternative source of electricity because according to the Colombian Development Plan for 
Non-conventional Sources of Energy (PNDFNCE), which is a projection for the period 
between 2011 and 2020, there are still abundant fossil fuels and other non-conventional 
sources of energy like: geothermal, solar, wind and hydropower.  
Added to the previous argument, throughout this research it was possible to stablish why 
Colombian government does not seem to be interested about nuclear power as a source of 
electricity. In fact, it only considers nuclear technology applicable for cancer treatment, 
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industry, agriculture and food irradiation, because it poses risks to human beings if used for 
electricity. 
On the other hand, a survey was elaborated to measure citizen´s perspective regarding nuclear 
energy as a source of energy. The survey was aimed to 250 professionals whose knowledge 
about nuclear energy was considerable in areas like environmental engineering, electrical 
engineering, forest engineering and some professionals from institutions like “Servicio 
Geológico Colombiano”, “Unidad de Planeación Minero Energética”, “Asociación 
Colombiana de Ingenieros” and “Ministerio de Ambiente y Desarrollo Sostenible”.  
As a result, some of the negative variables regarding nuclear power as a source of energy 
were: Nuclear waste disposal and radiation. Thus, as it is stated within this research, those 
two variables still generate uncertainty among the international community and population. 
For this reason, after Fukushima´s disaster people are reluctant to accept nuclear power as a 
source of electricity because it poses risks to human beings. In contrast, people targeted in 
the survey believe nuclear power should be better used for developing purposes. 
On the other hand, even though in this document some strategies were given to Japanese 
government to improve nuclear development and the number of countries in the region which 
desire to have nuclear plants have increased, Colombian government does not consider 
nuclear power neither as a reliable source of energy nor necessary to guaranty electricity 
access as long as there are non-conventional sources of energy, these strategies will not be 
taken into account by Colombian government. 
Moreover, it is not because of Fukushima´s nuclear disaster that Colombian government is 
not interested about nuclear power. Because, different than the International Atomic Energy 
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Agency which suggests to mitigate climate change by using small nuclear reactors, 
Colombian government pretends to reduce its fossil fuels dependence by investing in non-
conventional sources of energy like wind, biomass and solar. 
Building on the previous idea, literature review allowed me to foresee how non-conventional 
sources of energy could mitigate climate change by replacing non-renewable sources of 
energy, instead of acquiring nuclear plants to reduce greenhouse gases, which is exactly what 
it is presented in today´s government energy agenda. 
Equally important, it was stated Colombia´s commitment against non-proliferation. In fact, 
the country has signed some agreements like: Nuclear nonproliferation treaty, 
Comprehensive Test Ban Treaty, Biological and Toxin Weapons Convention, Arms Trade 
Treaty and Latin American and Caribbean Nuclear-Weapon-Free-Zone and Chemical 
Weapons Convention, which guarantee the country will not have nuclear weapons.  
As a conclusion, nuclear power is not expected to be taken into account neither for short nor 
long term because non-conventional sources of energy prevail over it. Besides, Colombian 
government seems to be more interested about using nuclear technology for developing 
purposes. At this point, the arguments given in the hypotheses were fulfilled. Because, both 
Colombian government and citizens (those aimed in the survey), consider nuclear power 
should not be used to generate electricity.  
In order to contribute to future researches which pretend to seek more about the nuclear 
energy debate in Colombia, the following questions may be taken into account:  On what 
grounds should Colombian government consider the use of nuclear power as a source of 
energy?, How could the government make citizens feel confident about nuclear energy? And 
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considering how Fukushima´s nuclear disaster made countries around the world reconsidered 
their thoughts about nuclear power, is it valid to talk about a nuclear renaissance after the 
accident? 
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ANNEXES  
 
ANNEX ONE 
Nuclear energy compared to fossil fuels 
 
(Nuclear Energy Institute, 2010) 
ANNEX TWO 
Electricity price generated by nuclear energy 
 
(Korean Atomic Energy Research Institute, 2009) 
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ANNEX THREE 
European sources of energy 
 
 
(BP global, 2015) 
ANNEX FOUR 
Global sources of energy 
 
(BP global, 2015) 
ANNEX FIVE 
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Global sources of energy 
 
 
(BP global, 2015) 
ANNEX SIX 
Sources of energy by organization 
 
(BP global, 2015) 
ANNEX SEVEN 
Prospective of nuclear plants in Latin America 
56 
 
 
(Working paper, 2010) 
 
ANNEX EIGHT 
Estimated number of reactors in operation
 
(Working paper, 2010) 
 
 
 
ANNEX NINE 
Consumption and nuclear generation 
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(Working paper, 2010) 
ANNEX TEN 
Safety standards by IAEA 
  
(IAEA, 2011) 
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ANNEX ELEVEN 
Waste disposal facilities 
  
 
(World Nuclear Association, 2016) 
Country Policy Facilities 
Belgium Reprocessing Underground laboratory 
stablished in 1984. 
Japan Reprocessing Underground laboratory 
and geological repository. 
 
 
Canada 
 
 
Direct disposal 
Nuclear waste 
management 
organization, deep 
geological repository and 
repository site research 
from 2009, planned for 
use 2025. 
 
 
France 
 
 
Reprocessing 
Underground rock 
laboratories in clay and 
granite, deep geological 
disposal and reversible 
containers. 
 
Germany 
 
Reprocessing 
Repository planning 
started 1973 and used fuel 
storage. 
 
Russia 
 
Reprocessing 
Underground laboratory, 
pool storage since 1985 
and various interim 
storage facilities. 
 
United States 
 
Direct disposal 
Central interim storage 
and development of 
repositories. 
 
United Kingdom 
 
Reprocessing 
Low level waste 
repository and geological 
disposal. 
 
 
Finland 
 
 
Direct disposal 
Two fuel storages in 
operations, underground 
research laboratory , 
geological disposal 
storage. 
 
South Korea 
 
Direct disposal 
Waste program since 
1998 and central interim 
storage. 
 
India 
 
Reprocessing 
Research on deep 
geological disposal. 
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ANNEX TWELVE 
Nuclear reactor disasters 
Date  Place Cause Consequences  
 
2011 
 
Japan 
An earthquake brought 
a destructive tsunami, 
which devastated the 
Fukushima Daiichi 
Nuclear plant.   
High levels of 
radiation and 
insecurity among 
citizens concerning 
nuclear energy. 
 
1986 
 
Ukraine 
A reactor at the 
Chernobyl plant 
exploded for unknown 
causes.  
A plume was sent to 
the atmosphere with 
radioactive fallout 
affecting people across 
Europe. 
 
 
 
1999 
 
 
 
Tokaimura, Japan 
Three workers tried to 
mix nitric acid and 
uranium to form the 
full uranyl nitrate. 
However, the reactor 
could not stop the 
solution and exploded. 
Three technicians were 
exposed to massive 
gamma and neutron 
radiation poisoning. 
 
 
1979 
 
 
Three Mile Island, 
Pennsylvania 
A cooling system 
failed causing a partial 
nuclear meltdown  
The meltdown gave 
Americans second 
thoughts about the 
risks of using nuclear 
power as an alternative 
source of energy. 
 
 
1987 
 
 
Goiania, Brazil 
A radiotherapy 
institute was relocated 
leaving behind a unit 
that still contained 
cesium chloride. 
Unaware people went 
to see the unit getting 
exposed to radiation. 
Some people died 
some days later.  
 
 
1961 
 
 
K-19, North Atlantic 
Ocean 
A Soviet submarine 
experienced a 
radioactive leak. The 
crew responsible to 
fixed it died three 
weeks later for being 
exposed to radiation.  
Twenty of the 
submarine´s original 
crew also died of 
radiation sickness due 
to high contamination. 
 
 
1957 
 
 
Kyshtym, Russia 
 
The Mayak plant near 
the city of Kyshtym 
had a tank with 
substandard cooling 
system. As a result the 
the high temperature 
caused an explosion. 
People surrounding 
the area had to 
evacuate because of 
radiation. Besides, the 
Soviet government 
had to declassify the 
information in 1990.  
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1957 
 
 
Windscale, England 
A facility originally 
used to produce 
plutonium was used 
then to produce tritium 
resulting in high 
temperature levels 
causing eventually 
fire.  
Even though the fire 
was extinguished the 
amount of radiation 
released caused around 
200 cases of cancer. 
 
 
1961 
 
SL-1, Idaho 
A control was 
withdrawn incorrectly 
causing the explosion 
and meltdown of the 
reactor. 
The design of nuclear 
reactor was changed. 
Unfortunately three 
workers died.   
 
 
1970 
 
 
Yucca flat, Nevada 
In a nuclear test side a 
10 kiloton bomb 
buried 900 feet 
underground was 
detonated.  
A plume of radioactive 
fallout was sent to the 
air and contaminated 
86 workers who were 
around the site. 
 
(Elaboración propia, 2017) 
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ANNEX THIRTEEN 
Failures Japanese government perceived 
 
(Howell, 2012) 
ANNEX FOURTEEN 
Objectives for renewable sources of energy 
 
(CorpoEma, 2010) 
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ANNEX FIFTEEN   
Current Hydroelectric plants  
 
(Procolombia, 2015) 
ANNEX SIXTEEN 
Future Hydroelectric plants 
 
(Procolombia, 2015) 
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ANNEX SEVENTEEN 
Current Geothermal plants 
 
(Procolombia, 2015) 
ANNEX EIGHTEEN 
Future Geothermal plants 
 
 
(Procolombia, 2015) 
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ANNEX NINETEEN 
Gas consumption 
 
(Procolombia, 2015) 
 
ANNEX TWENTY  
Coal Production 
 
(Procolombia, 2015) 
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ANNEX TWENTY-ONE 
Nuclear Threats 
 
(Elaboración propia, 2017) 
Nuclear 
Proliferation  
Environmental 
Degradation Radiation Radioactive Waste 
24 46 95 85 
 
 
ANNEX TWENTY-TWO 
Reasons to invest in nuclear 
 
 (Elaboración propia,2017) 
Lack of electricity 
supplies Population growth 
Reduction of 
Greenhouse gases 
Developing 
purposes  
52 48 50 100 
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ANNEX TWENTY-THREE 
Activities which compromise the environment 
 
(Elaboración propia, 2017) 
Agriculture Nuclear reactors 
Electricity generated 
by coal and gas 
Pollution generated 
by cars 
78 27 105 40 
 
ANNEX TWENTY-FOUR 
Greenhouse emissions  
 
0
50
100
150
Agriculture Nuclear reactors Electricity generated by
coal and gas
Pollution generated by
cars
Thirth question
67 
 
(Holt, Campbell, Beth, 2012) 
ANNEX TWENTY-FIVE 
Climate change variables 
 
(Holt, Campbell, Beth, 2012) 
ANNEX TWENTY-SIX 
Nuclear energy acceptance 
 
(Elaboración propia, 2017) 
Nuclear proliferation 
by terrorism 
The accidents 
ocurred in 
Fukushima in 2011 
Nuclear energy risks 
toward human 
security 
Media control of 
information 
31 80 130 9 
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ANNEX TWENTY-SEVEN 
When Colombia could have nuclear energy 
 
(Elaboración propia, 2017) 
Año 2030 Año 2040 Año 2050 Año 2060 
7 25 80 138 
 
ANNEX TWENTY-EIGHT 
Threats if Colombia decides to invest in nuclear energy 
 
 
(Elaboración propia, 2017) 
Nuclear 
proliferation by 
insurgent groups 
Privatization of 
nuclear energy 
sector by elite 
groups 
Waste disposal 
radiation 
Environment 
degradation 
38 42 146 24 
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ANNEX TWENTY-NINE 
Countries which may supply Colombia with nuclear equipment 
 
 
(Elaboración propia, 2017) 
United 
States 
Brazil and 
Mexico Argentina Russia 
150 68 22 10 
 
ANNEX THIRTY 
Social benefits and sustainable development 
 
 
(Elaboración propia, 2017) 
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ANNEX THIRTY-ONE 
Risks toward human security 
 
(Elaboración propia, 2017) 
ANNEX THIRTY-TWO 
Nuclear energy as an environmentally friendly source 
 
 
(Elaboración propia, 2017) 
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